T he American Heart Association (AHA) has defined a new metric of ideal cardiovascular health to accommodate both an expanded emphasis on prevention and greater understanding of the origins of cardiovascular disease as part of its 2020 Impact Goals. The explicit goal of the AHA statement is to improve cardiovascular health of all Americans by 20% by the year 2020 while reducing deaths resulting from cardiovascular diseases and stroke by 20%.
T he American Heart Association (AHA) has defined a new metric of ideal cardiovascular health to accommodate both an expanded emphasis on prevention and greater understanding of the origins of cardiovascular disease as part of its 2020 Impact Goals. The explicit goal of the AHA statement is to improve cardiovascular health of all Americans by 20% by the year 2020 while reducing deaths resulting from cardiovascular diseases and stroke by 20%. 1 To monitor progress toward these goals, the AHA has launched a concept of ideal cardiovascular health. This concept is defined by the presence of 7 ideal health factors that describe whether a person has ideal cardiovascular health and indicate where improvement is needed to attain better health. 1 Substantial evidence demonstrates that the ideal cardiovascular health index is associated with better vascular health 2 and with reductions in cardiovascular morbidity and mortality. 3, 4 Childhood and youth are important stages of life because cardiovascular diseases are rooted in early life 5, 6 and social January 20, 2015
determinants of health start to accumulate in childhood. 7, 8 Of childhood factors, higher socioeconomic status and nonsmoking in the family of origin have been identified as predictors of ideal cardiovascular health in adulthood. 7 Although the importance of psychosocial factors has been acknowledged, 1, [8] [9] [10] there remains a lack of knowledge on whether psychosocial factors, emerging already in youth, would have a protective role in good cardiovascular health in adulthood. Release of the AHA 2020 Impact Goals makes it critical to examine all aspects, including psychosocial factors, that may help in the attainment of these goals.
Prior work examining the association of psychosocial factors with cardiac outcomes has concentrated on negative psychosocial factors predicting high-risk cardiovascular outcomes. 9, [11] [12] [13] [14] Common findings are that socioeconomic adversity, [15] [16] [17] [18] [19] exposure to poor parenting practices, 17, [20] [21] [22] and difficulty in behavior regulation [23] [24] [25] [26] during youth predict greater levels of cardiovascular risk factors in adulthood. With few exceptions, 20, 27 most of these studies have been retrospective by design, relying on adulthood reports about earlier experiences. Retrospective designs introduce the methodological problem of reporting or recollection bias, and one way to overcome that limitation is the use of prospective studies with measurements taking place in real time before adult outcomes.
Another topic warranting research is the cumulative exposure to multiple psychosocial factors. Theoretical models on life-course health suggest that the origins of adult health lie in early-life psychosocial exposures 11, 14, 28 and that the combination thereof is a better indicator of total psychosocial burden than a single factor. 29, 30 Accordingly, exposure to several psychosocial factors has been associated with greater health impacts than exposure to single factors. [31] [32] [33] [34] Such an accumulating effect has been shown by the Dunedin prospective study in which children who had experienced several psychosocial disadvantages had higher metabolic risk 32 years later in adulthood. 20 There is, however, less knowledge on whether the accumulation of psychosocial factors might positively influence the development of healthy cardiovascular outcomes. One of the few such studies is the prospective Collaborative Perinatal Project, which examined psychosocial predictors of a constellation those investigators called a favorable cardiovascular profile. That study showed that high childhood attention regulation, high cognitive ability, and a positive childhood environment were associated with a more favorable cardiovascular profile in adulthood and that the effects of psychosocial factors were additive. 27 If evidence suggests that psychosocial effects are not attributable to any one factor, current prevention or intervention strategies focusing on a single risk or resilience factor may be too limited.
Building on this prior work, we examined whether the accumulation of psychosocial factors measured in youth would be associated with the ideal cardiovascular health concept in adulthood. To the best of our knowledge, no previous studies have examined youth psychosocial origins of the AHA ideal cardiovascular health metrics. The present study included family characteristics related to socioeconomic, emotional, health-behavioral, and stress-related exposures, as well as the child's own behavioral regulation and adaptation, together indicating total accumulation of psychosocial factors in youth. The psychosocial factors, as well as baseline cardiovascular risk factors, were examined prospectively, and ideal cardiovascular health was measured 27 years after the baseline. The data are from the Cardiovascular Risk in Young Finns Study and are representative of the Finnish population.
Methods

Participants
The Cardiovascular Risk in Young Finns study is a multicenter followup study assessing risk factors underlying cardiovascular diseases. The participants were a random selection from the national register of Finland covering the entire country. The baseline survey was conducted in 1980 among participants who were 3 to 18 years of age. 35 After exclusion of 19 participants with type I diabetes mellitus, there were 3577 initially healthy participants in 1980. The adulthood assessment took place 27 years later in 2007 when the participants were 30 to 45 years old. Participants with missing data were excluded, resulting in an analytic sample of 1089 participants. Reasons for data loss are listed in Table 1 . Attrition analyses showed that participants in the analytic sample were older and had a more favorable level of psychosocial factors in youth, especially higher socioeconomic status, higher self-regulatory behavior, and higher social adjustment. The included participants also had lower blood pressure and lower body mass index in youth than participants who were not included in the present sample (Table I in the online-only Data Supplement). The study plan and data collection procedures were accepted by the institutional review committees at the participating universities (updated by the Hospital District of Southwest Finland, September 21, 2010; document No. 88/180/2010), and the study protocol conformed to the proposals by the World Health Organization and the Helsinki Declaration. Informed consent was obtained from all study participants; in addition, parents' consent was requested for participants <12 years of age.
Measures
Ideal Cardiovascular Health Index in Adulthood
The ideal cardiovascular health index comprised 7 ideal metrics measured in 2007, each contributing 1 point to the ideal cardiovascular health index score. Ideal health behaviors included the following: body mass index (<25 kg/m 2 ), moderate physical activity (≥150 min/wk, vigorous physical activity for ≥75 min/wk, or a combination thereof), not smoking (either never having smoked or quitting smoking >12 months ago), and ideal diet (having ≥4 ideal diet components of the following 5 components: ≥450 g/d fruits or vegetables, ≥2 servings of fish per week, 3 or more 1-oz servings a day of whole grains, sodium <1500 mg/d, and ≤450 kcal of sugar-sweetened beverages per week). Ideal health factors were systolic blood pressure <120 mm Hg, diastolic blood pressure <80 Withdrawal from the study ‡ 122
Moved abroad 72
Could not be contacted 49
Death 104
Remaining analytic sample 1089 *Did not return the questionnaire at the 27-year examination. †Returned the questionnaire but incompletely filled it out. ‡Written notification of permanent discontinuation.
by guest on May 28, 2017 http://circ.ahajournals.org/ Downloaded from mm Hg, total cholesterol ≤5.17 mmol/l (≤200 mg/dL), and fasting glucose <5.6 mmol/l (<100 mg/dL). The measurement procedures have been described in detail previously. 35 For each metric, we assigned a score of 1 (yes) or 0 (no), and then we summed across metrics to obtain an ideal cardiovascular health index. Because there were only a few participants having an ideal level in 0 factors (n=18) or all 7 factors (n=11), we combined the extreme groups so that the final ideal cardiovascular health index had values of ≤1, 2, 3, 4, 5, or ≥6.
Adulthood Covariates
Participants using cholesterol-lowering medication (n=26), antihypertensive medication (n=66), or medication to maintain glucose balance (n=4) were classified as users (1) and others as nonusers (0).
Psychosocial Factors in Youth
We assessed 6 psychosocial factors that have been proposed as central components of childhood psychosocial environment in previous literature.
11 -14 The psychosocial factors were socioeconomic environment, emotional environment, parental health behaviors, stressful events, self-regulation of the child, and social adjustment of the child. These factors were assessed by parents who filled in hand-written questionnaires at the baseline examination in 1980 (see Table II in the online-only Data Supplement for a list of all items).
Cumulative scores have recently become common in research on childhood psychosocial factors. 31 Typically, such models define binary risk factors (risk versus no risk), which are then summed together to form a cumulative score. Such an approach has the advantage of being parsimonious, making no assumptions about the relative strengths of multiple risk factors or their collinearity, and enabling testing of additive effects over a range of exposures. 31 We built the 6 psychosocial factors from binary variables in which 1 stands for favorable and 0 for less-than-favorable level. The cutoff points were based on previous evidence and theoretical knowledge, as described in Table 2 and in the following:
1. Favorable socioeconomic factors score consisted of 4 components 36 : upper white-collar occupation (1 point), academic/ college degree (1 point), family income in highest 25% (1 point), and occupational stability as indicated by the absence of unemployment spells/retirement/long-term sick leave (1 point). Thus, the score ranged from 0 points (less than favorable level in all components) to 4 points (favorable level in all components). 2. Favorable emotional family environment score consisted of 4 components. The first was absence of previously diagnosed parental mental disorder (1 point), measured by asking both parents whether they had ever been diagnosed as having mental disorder. The second was high parental care-giving nurturance, measured with a 7-item scale (α=0.70) previously used in this data set. 37 A reply of "very often" to all items (shown in Table  II in the online-only Data Supplement) gave 1 point. The third component was high parental life satisfaction, measured with a 3-item scale (Table II in the online-only Data Supplement; α=0.70). A positive reply to all 3 items gave 1 point. Fourth, reasonable alcohol use was included because of evidence indicating that unhealthy drinking is harmful to emotional development. 38 Parents reporting intoxication "never or at maximum 3 times per year" were classified as reasonable users (1 point). Altogether, the scale range was 0 to 4. 3. Optimal health behaviors of the parents were asked separately from both parents. Because we had no data on parental diet, we used body mass index <30.0 kg/m 2 as a proxy of excess energy intake (0=overweight, 1=not overweight). Other health behaviors were nonsmoking (1 point) and participating in regular physical activity (1 point for exercise at least once a week). Summing together maternal and paternal health behaviors resulted in a scale range of 0 to 6. 4. Lack of stressful events included events that may threaten the child's sense of stability and continuity. 39, 40 Stressful events were moving residence, change of school, parental divorce or separation, death of a family member, and serious disease in the family. The absence of each event gave 1 point; thus, the scale range was 0 to 5, with a higher score indicating a more favorable situation. 5. Self-regulatory behavior of the participant consisted of 2 scales measuring high self-control and high aggression control. The predictive validity of both scales has been established previously. 25, 26 The self-control scale consisted of 1 question (Table  II in the online-only Data Supplement) in which children described as being very controlled "always or most of the time" received 1 point. Aggression control (α=0.60) was measured with 6 items (shown in Table II in the online-only Data Supplement), each giving 1 point. The total score was formed by combining scores from self-control and aggression control (range, 0-7). 6. Social adjustment consisted of a question about parental worry about the child's adjustment (1 point) and parental evaluation of the child's general level of adjustment (1 point). Our previous work has shown that these questions predict outcomes that are theoretically related to social adjustment.
26,37
Favorable Psychosocial Factors Score (Cumulative Score)
The 6 psychosocial factors were summed together to form a favorable psychosocial factors score (cumulative score) following a procedure recommended previously 31 and described in Table 2 . However, summing together psychosocial factors with different variances would lead to a score that gives greater weight to factors with greater variance. We had no hypothesis to weigh any factor more than the other; thus, each psychosocial factor score was converted into a standard score before summation. (Because some of the variables were skewed, the standardization was rerun with quantile-quantile normalization to a standard normal distribution, but that had no effect on the score; therefore, the same form of standardization was used for every psychosocial factor.) Such a procedure would treat each psychosocial factor as an equal contributor to the cumulative score. The formula for the score was as follows: socioeconomic environment (z score)+emotional environment (z score)+parental health behaviors (z score)+stressful events (z score)+self-regulation (z score)+social adjustment (z score)=favorable psychosocial factors score. Figure I in the online-only Data Supplement shows that the distribution was slightly skewed to the left (mean=0.00; SD=2.84; range, −11.58 to 6.09).
Clinical Measurement of Cardiovascular Risk Factors in Youth
Body mass index, blood pressure, and cholesterol were chosen as indicators of childhood cardiovascular risk because they have been shown to predict the ideal cardiovascular health index previously in the same data set. 7 Clinical measurements were conducted by trained staff at the study baseline in 1980. Diastolic blood pressure was measured only in a subsample and therefore was excluded from the present analyses. The included measurements were body mass index (kg/ m 2 ), systolic blood pressure (the average of 3 measurements using mercury sphygmomanometer), and a blood draw from which total cholesterol was obtained (duplicate measurement in the same laboratory by use of standardized enzymatic methods). The measurement procedures have been described in detail previously. 35 
Statistical Analyses
Main Analyses
The favorable psychosocial factors score predicting the ideal cardiovascular health index was examined by use of linear regression analysis. The model was adjusted for age, sex, adult medication, and for childhood cardiovascular risk factors. As a post hoc analysis, we examined whether the association between favorable childhood psychosocial factors and ideal cardiovascular health was monotonically linear. To test linearity, we used multinomial regression analysis in which the ideal cardiovascular health index was examined as a multiple-category outcome. Thereafter, logistic regression analyses assessed the associations of favorable psychosocial factors by guest on May 28, 2017 http://circ.ahajournals.org/ Downloaded from January 20, 2015 score with the individual health metrics as dichotomous outcome variables (eg, overweight versus overweight). Finally, regression models examined the specific associations of the 6 psychosocial factors on ideal cardiovascular health. Each psychosocial factor was entered as a predictor separately (univariate model) and at the same time (multivariate model), with adjustment for all covariates. All analyses were conducted with STATA 13.1. software. To adjust for multiple analyses, we divided P=0.05 by 6 (the number of psychosocial factors), resulting in a value of P< 0.008, which was considered the critical level of significance in all analyses.
Supplementary Analyses
We conducted 2 types of supplementary analyses to examine the robustness of the findings to the cutoff points of childhood factors and to the patterning of missing data.
Analyses in Raw Data
To overcome the potential limitations of using binary variables as the basis for psychosocial factors (eg, the possibility to optimize prediction by choosing cutoff points), we formed *Either parent had to fulfill this criterion. †Both parents had to fulfill this criterion. ‡Main caregiver replied in 2-parent households, and the available parent replied in single-parent households. §Each psychosocial factor was converted into a standard score and then summed together. Thus, the favorable psychosocial factors score represents the cumulative score of the 6 psychosocial factors, each contributing with equal weight.
by guest on May 28, 2017 http://circ.ahajournals.org/ Downloaded from the youth psychosocial factors from raw data. We standardized each original item and summed those items into the 6 psychosocial factors (The raw items are shown in Table II in the online-only Data Supplement). Then, the 6 psychosocial factors were summed up into a raw psychosocial factors score (mean=0.03; SD=7.93; range −39.59 to 19.55; Figure I in the online-only Data Supplement). We reconducted, as supplementary information, the analyses of this study using the raw score of psychosocial factors, and we ran the models separately in younger and older cohorts and separately by age and sex group to examine potential age or sex specificity of the findings.
Analyses With Multiple Imputations
We used imputation procedures to correct for possible bias that is inherent in complete-case data if the individuals in the analytic sample differ systematically from the individuals who had dropped out from the study. 41, 42 We imputed values for participants who had missing values in any of the variables using the multiple imputation method by chained equations in STATA 13.1. We ran the statistical analyses described in the Main Analyses section in imputed data (n=3577) and report the pooled estimates of 50 imputed data sets. The standard imputation procedure assumes that data are missing at random; therefore, we also ran sensitivity analyses under the not-missing-at-random assumption, following the procedure described by Carpenter et al. 43 
Results
Descriptive Statistics
Characteristics of the sample are shown in Table 3 . The participants were on average 10 years old at baseline and on average 37 years old at the adulthood measurement. The favorable psychosocial factors score was slightly skewed to the favorable direction ( Figure I in the online-only Data Supplement). The participants had on average 2.6 points on the ideal cardiovascular health index in adulthood. Intercorrelations between the specific psychosocial factors showed that the socioeconomic factor was associated with healthier behaviors of the parents (r=0.17, P<0.001) and greater social adjustment of the child (r=0.10, P<0.001). The emotional factor correlated with health behaviors of the parents (r=0.16, P<0.001), higher self-regulatory behavior of the child (r=0.12, P<0.001), and greater social adjustment of the child (r=0.10, P=0.001). The other factors had correlations of <0.10. Table 4 shows a positive association between the favorable psychosocial factors score in youth and ideal cardiovascular health index in adulthood after adjustment for age, sex, adulthood covariates, and childhood cardiovascular risk factors (β=0.15; P≤0.001). The multinomial regression analyses showed that when favorable psychosocial factors rose by 1 point, the probability of having 2, 3, 4, 5, or ≥6 ideal cardiovascular health metrics rose by 6%, 14%, 17%, 17%, and 35% compared with having ≤1 ideal cardiovascular health metric (Table III in The favorable psychosocial factors score was more strongly associated with some health metrics than others, namely with leaner body mass index (odds ratio=1.14; 95% confidence interval=1.08-1.20; P<0.001), not being a smoker (odds ratio=1.12; 95% confidence interval=1.07-1.19; P<0.001), and more favorable glucose level (odds ratio=1.11; 95% confidence interval=1.05-1.17; P<0.001).
Favorable Psychosocial Factors and Ideal Cardiovascular Health
Of the specific psychosocial factors, a favorable socioeconomic environment (β=0.12; P<0.001) and higher self-regulatory behavior of the participant (β=0.07; P=0.004) were associated with more ideal cardiovascular health in adulthood in the fully adjusted model ( Table 5) .
Results of the Supplementary Analyses
The psychosocial factor score based on raw data was positively associated with the ideal cardiovascular health index after adjustment for all covariates (β=0.15; P≤0.001; Table IV in the online-only Data Supplement). Overall, the findings in raw data were similar in direction and magnitude to those obtained when binary variables were used as the basis for psychosocial factors (see Tables V and VI in the online-only Data Supplement for more specific associations). The interaction analyses suggested no differences by age or sex (table of all interactions is available from the first author). The association between psychosocial factors and ideal cardiovascular health was also examined separately by age and sex group, which showed no substantial differences (Table VII in the onlineonly Data Supplement).
The findings in imputed data showed that the favorable psychosocial factor score was positively associated with the ideal cardiovascular health index (β=0.12; P≤0.001; Table IV in the online-only Data Supplement). The favorable psychosocial factors score was associated with the same health metrics in the imputed data as in the complete data (Table V in the online-only Data Supplement). Furthermore, the same childhood psychosocial factors were significant predictors of ideal cardiovascular health in imputed data and in complete data (Table VI in the online-only Data Supplement).
The sensitivity analyses modeling nonrandom missingness suggested that the association between psychosocial factors and ideal cardiovascular health would remain similar even in a situation in which the mechanism for missing data would be not at random (Table VIII in 
Discussion
This study examined psychosocial origins of the ideal cardiovascular health concept, as outlined by the AHA. 1 Psychosocial factors were chosen from theoretical frameworks 11, 14, 28 covering aspects of social environment, family exposures, and the child's behaviors. We found that a greater number of favorable psychosocial factors in youth (3-18 years of age) resulted in more ideal cardiovascular health in adulthood. Participants with the most psychosocial advantages in youth had almost an 1 point greater ideal cardiovascular health index in adulthood than participants with the least psychosocial advantages. This difference is comparable to attaining a favorable level in any of the 7 components that comprise the ideal cardiovascular health index (eg, a person would gain 1 point by quitting smoking). We found that psychosocial factors operated across the whole gradient of ideal cardiovascular health. There was no evidence for any threshold point after which the effect of psychosocial factors would become unimportant. This may suggest a wider scope for prevention than has previously been considered because all individuals, not only those at the bottom of the gradient, may benefit from improvements in earlylife conditions. In combination with prior work, this evidence begins to suggest that even improving a single factor would likely result in better future cardiovascular health.
The Collaborative Perinatal Project is one of the few studies with a similar prospective design. That study showed that a positive home environment in early childhood (before 7 years of age) predicted healthier cardiovascular profiles in adulthood in an additive fashion. 27 However, in that study, the positive home environment was a composite measure summarizing across emotional, social, and physical aspects of the home. Our study extended that study by including a representative random sample from a non-US population, by considering effects of psychosocial factors across a broader age range that included children and adolescents, by examining the psychosocial effects across a more articulated set of psychosocial factors, and by using more stringent health metrics for ideal cardiovascular health as the outcome. Psychosocial factors had a significant effect on 3 components of the ideal cardiovascular health index. Greater exposure to positive psychosocial factors was associated with a 14% to 12% greater likelihood of being normal weight and being a nonsmoker in adulthood. These findings suggest that of the factors comprising ideal health, especially optimal weight development and the prevention of smoking, may be responsive to psychosocial prevention.
In a comparison of the specific psychosocial factors, socioeconomic factors and self-regulative behavior independently predicted adult ideal cardiovascular health. Previously, socioeconomic factors and self-regulation have been associated with better adulthood health, 7, [23] [24] [25] [26] [27] although their relative contribution to cardiac health has not been examined in the same study. Identifying these specific factors as predictors of future health may be useful for early prevention because some of them (eg, the child's self-regulation ability) may be amenable to modification. However, the novel finding is that a combination of multiple psychosocial influences may have an influence on future cardiovascular health, as suggested by recent theoretical perspectives on accumulative effects of psychosocial factors. 9, 12, 14, 31 This study did not examine the pathways through which psychosocial exposures produce later health. A commonly proposed pathway involves allostatic load, which is a physiological marker of cumulative wear and tear of the body caused by the physiological systems responding to environmental demands. 29, 44 Through allostatic load, cumulative risk may lead to unhealthy cardiovascular stress response and to prolonged cardiovascular recovery from stress. 30 A recently introduced model suggests that positive psychological experiences may increase restorative processes (eg, healthy behaviors) leading to good cardiovascular health while at the same time decreasing deteriorative processes (eg, inflammation), leading to cardiovascular health. 45 Our next step will be to examine these proposed pathways between early-life psychosocial factors and cardiac health outcomes later in life.
Several limitations warrant attention. The original intent of the Young Finns data set was to evaluate early-life determinants of cardiovascular risk in adulthood. Psychosocial factors were assessed already at the beginning of the study, but they were not the primary focus of this collaborative study. Therefore, we had to use nonstandardized scales designed for this particular data set 3 decades ago. Although the scales are predictive of cardiac outcomes and have internal reliability, 25, 26 the possibility of comparing our findings with those of other data sets is limited. Moreover, the study population was mainly whites, which limits the generalizability to other ethnic groups or to ethnically more heterogeneous populations.
Attrition in this 27-year follow-up study was considerable, and there were >2000 participants with missing data. If those participants were missing for some systematic reason, they might have caused bias in our estimates. We dealt with potential bias by running multiple imputation analyses to estimate the missing data. The findings in imputed data sets were similar in direction and magnitude to those in the observed data. We also modeled the possibility that the missing data would not be missing at random and found that this had very little effect on the findings. Naturally, these analyses were only estimates of how the findings would change, given that we had all data at hand. Nevertheless, we used current goldenstandard methods, which suggested no considerable bias produced by missing data.
Another potential limitation is that psychosocial factors consisted of dichotomous components summed together. Such scores are simplifications of reality, and introducing cutoff points is likely to lose natural variance in the variables. 31 To overcome this limitation, we ran additional analyses in the raw data. These findings reproduced the main findings well, suggesting that the findings were robust against different ways to calculate childhood factors.
A strength of the present study was the prospective design connecting psychosocial factors with outcomes unknown at the time of youth examination. Informants were different in youth (parents) and in adulthood (participant or health professional), thus ruling out common-rater variance. The study included a relatively comprehensive set of psychosocial factors and enabled adjustment for cardiovascular health in youth.
Findings of this study suggest that favorable psychosocial factors in youth may have benefits for cardiovascular health later in life. A constellation of several favorable psychosocial factors in youth may lead to an almost 1-point increase in ideal cardiovascular health index in adulthood. This knowledge suggests that targeting psychosocial factors might facilitate attainment of the AHA goal of improving population health by 2020. The effects seem to persist throughout the range of cardiovascular health, suggesting that favorable psychosocial factors may bring health benefits to all, potentially shifting the population distribution of cardiovascular health rather than simply having effects in a high-risk population. 
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